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ABSTRACT 


Restrained  double  bevel  armor  joints  were  welded  v/ith  20-10  electrodes 
having  variations  in  manganese  content  of  1,5.  2.0  and  4.3$  combined 
with  variations  in  molybdenum  content  of  OjO,  1.5  and  3.0$.  A  com¬ 
parison  was  also  made  between  molybdenum  added  through  the  electrode 
coating  and  through  the  core  wire  and  betwoen  an  experimental  in¬ 
duction  melted  and  a  commercial  electric-arc  furnace  heat.  Testing 
included  determination  of  sensitivity  to  center  root  bead  c racking, 
interface  cracking,  as  well  as  X-ray,  macro  etch  and  mo tallo graphic 
examination.  Physical  and  ballistic  properties  were  determined  by 
tensile  tests  and  a  special  explosion  test.  Significant  features  dis¬ 
closed  woro: 

(1)  Variations  in  manganese  and  molybdenum  content 

a)  affected  sensitivity  to  root  cracking, 

b)  possibly  affected  susceptibility  to  interface 
cracking, 

c)  appeared  related  to  tendency  to  transformation 
to  martensitic  structures  on  heavy  dilution. 

High  manganese  contents  combined  with  the  use  of  some 

molybdenum  are  believed  to  represent  the  best  combi  rat ion. 

(2)  Ballistic  properties  could  not  bo  related  to  composition. 

The  initiation  and  propagation,  in  the  armor,  of  cracks 
produced  ir.  tho  ballistic  test  may  cxolain  this  and  suggest 
that  the  ballistic  values  secured  in  these  tests  7/ere 
associated  more  directly  to  the  properties  of  tho  armor 
than  to  those  of  the  r/cld  nctal. 

(3)  Ho  indication  could  bo  found  that  molybdenum  added  through 
tho  electrode  coating  produced  any  different  properties 
than  when  added  through  the  core  wire. 

(4)  Induction  mcltod  experimental  heats  gave  comparable  results 
to  a  commercial  electric-arc  furnace  hoat^ 

***** 


■* 


SUMMARY 


The  preliminary  work  undertaken  in  this  investigation  must  be  verified  by 
similar  tests  with  commercially  prepared  electrodes  and  with  several  other  types  of 
armor  as  well  as  with  conventional  ballistic  tests,  before  any  final  conclusions  can 
be  drawn.  Nevertheless,  several  features  believed  to  be  significant  have  been  re¬ 
vealed  in  these  tests  which  have  been  summarized  below.  The  similarity  in  results 
obtained  with  a  commercially  melted  heat  when  compared  with  an  induction  melted  heat 
of  similar  analysis  justifies  the  belief  that  these  observations  are  not  limited  to 
induction  melted  material  alone. 

(1)  The  composition  of  20  Cr-10  Ni  type  electrodes  appears  to  govern 
the  ease  with  which  crack  free  deposits  can  be  made  in  the  root 
pass  of  restrained  double  bevel  armor  ioints,  Additions  of  moly¬ 
bdenum  appear  desirable.  Manganese  alone  is  not  helpful. 

(2)  Some  evidence  was  found  that  interface  cracking  in  the  root  pass 
may  also  be  related  to  electrode  composition.  The  indication  is 
again  that  molybdenum  is  helpful  in  overcoming  this  defect.  The 
complicating  factor  of  heavy  root  deposits  required  with  compo¬ 
sitions  without  molybdenum  however  prevented  drawing  any  direct 
comparisons.  Deposits  from  the  lowest  alloy  containing  electrode 
(1.5  Mn-0.0  Mo)  used  in  the  investigation  were  unusually  susceptible 
to  this,  defect. 

(3)  The  tendency  for  weld  deposits  to  transform  to  hard  brittle  mar¬ 
tensitic  structures  in  passes  where  heavy  dilution  is  present 
appears  to  be  related  to  the  total  alloy  content.  Electrodes, 
where  the  sum  of  the  manganese  plus  molybdenum  content  was  less 
than  about  h»0%,  were  found  to  be  transformed  in  the  shoulder  passes. 

(4)  No  indication  could  be  found  that  molybdenum  added  indirectly 

to  the  deposit  through  the  flux  produced  any  different  properties 
than  when  added  directly  through  the  core  wire. 

(5)  No  appreciable  variation  in  the  shock  resistance  of  the  specimens 
exposed  to  the  explosive  tests  was  found  to  exist  with  variations 
of  the  manganese-molybdenum  content  of  the  weld  metal. 

(6)  The  failure  to  find  any  direct  correlation  between  electrode 
composition  and  ballistic  strength  values  secured  in  the  ex¬ 
plosion  test  may  be  traceable  to  the  apparent  tendency  for 
fractures  to  originate  and  propagate  largely  on  the  armor 
side  of  the  weld  interface.  This  preliminary  evidence  that 
ballistic  properties  may  be  related  more  to  the  properties  of  • 
the  armor  than  of  the  weld  recommends  itself  for  further 
investigation. 

(7)  From  tho  standpoint  of  the  ease  of  welding  restrained  armor 
joints,  electrodes  containing  sufficiently  high  manganese  contents 
to  insure  freedom  from  dilution  transformation  and  also  with 
molybdenum  contents  adequate  to  minimize  center  root  cracking 

are  believed  to  represent  the  most  desirable  combination. 
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on 


Eolation  of  the  Composition  of  Austenitic  (20  Cr-10  Nl)  Electrodes  to 
the  Physical  and  Balliotic  Properties  of  Armor  ffcldricnt.s . 


I .  The  Effect  of  Variations  in  itonganosc  and  Islolyb donum  Content 3. 

INTRODUCTION 


'  The  gcnoral  aim  of  this  project  was  to  study  the  effect  of  variations  in 
the  composition  of  austenitic  20  Cr-10  I7i  typo  electrodes  on  the  properties  of  re¬ 
strained  armor  weldments. 

Two  types  of  20-10  electrodes  have  "been  used  in  tank-armor  fabrication; 
eno  modified  by  additions  of  manganese,  one  by  additions  of  molybdenum.  Various 
combinations  of  the  two  elements  have  also  been  considered.  Very  little  fundamental 
information  ha3  boon  available,  however,  to  indicate  what  effect  variations  in  the 
per  cent  of  these  elements  have  on  v/eld  properties.  This  first  progress  report 
describes  an  investigation  undertaken  to  provide  such  data  as  could  be  secured  by 
carefully  controlled  tests  on  a  laboratory  scale. 

The  specific  aims  of  this  first  invost lotion  were  to: 

(1)  Determine  the  effect  of  variations  in  manganese  and 
molybdenum  content  on  the  welding  properties,  par¬ 
ticularly  sensitivity  to  root  cracking,  the  physical 
properties  and  micro structure  of  restrained  welds  in 
armor. 

(2)  Estimate  the  effect  of  variations  in  the  per  cent  of 
these  elements  in  the  weld  deposit  on  the  balliotic 
properties  by  means  of  a  special  explosion  test . 

(3)  Compare  the  effect  of  molybdenum  alloyed  in  tho  weld 
deposit  through  the  core  wire  -with  molybdenum  added 
through  the  electrode  coating. 

Various  steps  taken  in  this  investigation  included: 

(l)  Preparation  of  electrodes  from  nine  experimental  induction  molted 
heats  and  one  commercial  electric-arc  furnace  heat.  Tho  heats  were  of  20  Cr-lC  Hi 
type  representing  seven  different  levels  of  manganese  an;''  molybdenum  contents. 

The  approximate  analyses  arc  listed  on  tho  following  page 


Series 

ITo. 


Coi.iposition 
I  dent  it;/  * 


I/iclting 

Practice 
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ITo. 

I 

Identity  * 

1.5  Hh-0.0  Ho 

Practice 

Induction 

C 

.10 

Cr 

20.0 

m 

10  jo 

Mn 

1.50 

Ho 

2,0  Ivin*-0.0  Ho 

Induction 

.10 

20  .0 

10  JO 

2.00 

— 

2.0  Hn-0.0  Mo-2 

Electric 

.10 

20 .0 

10.0 

2.00 

— 

4,3  Mn-0,0  Ho 

Induction 

.10 

20.0 

10.0 

u.25 

— 

II 

2,0  Hn-1.5  Ho 

Induction 

.10 

20.0 

10  .0 

2.00 

1.50 

2.0  Kn-(1.5  Ho) 

Induction 

.10 

20.0 

10.0 

2.00 

(1.50)* 

2.0  Hn-(1.5  Ho)- 

■Z  Electric 

.10 

20.0 

10 .0 

2.00 

(1.50)* 

2,0  Hn-3 .0  Ho 

Induction 

.10 

20 .0 

10.0 

2.00 

3.00 

III 

4.3  Hn-1.5  Ho 

Induction 

.10 

20.0 

10.0 

4.25 

1.50 

4.3  Hn-( 1,5  Ho) 

Induct ion 

.10 

20  .0 

10.0 

4.25 

(1.50)* 

4.3  Hn-3 .0  Ho 

Induction 

.10 

20.0 

10.0 

4.25 

3.00 

*  Throughout  the  'balance  of  the  report  the  various  compositions 
’./ill  "be  identified  by  the  symbols  shovm  in  this  table. 

(1.5  Ho )  indicates  molybdenum  added  through  the  flux;  the 
suffix  Z  indicates  natcrial  molted  cor.ir:;orcially  in  the 
clcctric^arc  furnace. 


Series  I  v/as  designed  to  compare  the  effect  of  throe  levels  of  rnngnneso 
l.^O.  2.00  and  4.25^  alone.  Series  II  was  included  to  compare  the  effect  of  1.3$ 
and  3 .0#  molybdenum  v/ith  manganese  fixed  at  2 .00$;^  Series  III  to  compare  the  same 
levels  of  nolybdcnuii  v/ith  manganese  fixed  at  4.25;%  Composi tions  2,0  Mn  -  (1.5  Ho) 
and  4.3  Hr*  -  (1.5  Ho)  -./ore  included  in  the  latter  t-./o  series  to  compare  nolybdc:it& 
introduced  into  the  weld  deposit  through  the  flu::  with  molybdenum  added  through 
the  coro  7/ ire  . 

During  the  course  of  the  investigation,  a  commercially  melted  clcctric- 
a re  furnace  heat  of  analysis  similar  to  composition  2.0  Mn  -  0.0  Ho  became  avail- 
ablo  and  v/as  included  in  Series  I  and  Series  II  for  comparison  ,/ith  the  induction 
molted  heats, 

(2)  Welding  of  duplicate  restrained  j  into  from  each  composition, 

noting  sensitivity  of  each  type  of  electrode  to  (a)  rout  bead 

cracking,  and  (b)  interface  cracking. 

(3)  Examination  of  v/cldod  joints  including: 

a)  X-ray  examination  of  "ns  welded"  plates 

b)  Hacre  etch  for  quality  >f  v/elds 

c)  Transverse  tensile  properties  of  './olds 

d)  Ho tnllo graphic  examination  of  \voljcl3  an* 
mic  r ahardne c  s  t  rave  roes 

o)  Ballistic  properties  by  explosion  testing 

(4)  Zxaniivation  of  explosion  tested  sarplcs. 


MATERIALS  US  a)  AND  PROCEDURE 


3 


1.  Preparation  of  Experimental  Eloctroflos 

Nino,  twenty-five  pound  experimental  induction  melted  heats  wore  pre¬ 
pared  in  an  Ajax  high  frequency  furnaco.  Tho  small  ingots  (together  vrith  one 
billet  from  tho  commercial  clcctric-arc  furnace  heat;  wore  forged  and  hot  rolled 
to  rods.  Tho  hot  rollod  rod3  v/cro  annealed,  pickled  and  cold  drav7n  by  the  usual 
commercial  methods  to  core  wire  of  l/4M  and  3/l6"  dianetcr.  Straightened  and  cut 
v;irc  in  l4"  lengths  v:ao  then  flux  coated  in  on  experimental  laboratory  extrusion 
press.  In  all  casos,  a  liuo  base  flux  of  composition  similar  tc  tho  so  found*  to  be 
employod  or.  commercial  rods  of  this  type  '.7a s  usod.  The  3amc  formula  pas  usod 
throughout  except  for  small  variations  in  the  content  of  ferromanganese  from  heat 
to  heat  necessary  to  maintain  tho  level  of  this  clor.cnt  tho  same  i.;\  the  pc  Id 
deposit  as  the  coro  v:i re .  Fo  rro mo lybdcr.un  was  employed  where  it  was  dosirod  to 
alloy  molybdenum  pith  the  weld  deposit. 

Tho  efficiency  of  ' the  flux  was  gauged  b y  conducting  a  coj.plotc  analysis 
of  a  v/eld  pad  prepared  from  oach  lot  of  coatod  l/4M  diameter  olcctrodos.  The  pro¬ 
cedure  used  was  similar  to  that  no*:/  required  by  tho  Bureau  of  Ships  Specification 
46d4(INT)  April  1,  1943.  Those  analyses  aro  listod  for  comparison  with  the  core 
wire  analyse s  in  Table  I* -Appendix  I. 

2.  folding  of  Restrained  Joints 
2a)  Preparation  of  Test  Plato 

Figure  1**-Appcndix  II  shows  the  details  of  design  and  v/oldir.g  sequence 
employed  in  preparing  the  restrained  joint.  Tho  intent  v/as  to  socuro  a  test  plate 
containing  a  highly  restrained  double  bevel  butt  wold.  For  additional  restraint, 
the  test  platos  v/crc  rigidly  clamped  in  a  heavy  jig  throughout  the  entire  welding 
procedure  and  for  a  poriod  thereafter  of  tv/onty-four  hours.  Figures  2  and  3  show, 
respectively,  the  appcaranco  of  a  tost  plate  clamped  in  the  jig  ready  for  welding 
and  a  final  v/oldcd  plate. 

All  test  plates  v/oro  torch  cut  and  beveled  to  size  from  four,  l£"  thick 
plates  of  Great  Lalcoc  homogeneous  heat  treated  armor,  representing  '-•no  heat  of  the 
following  composition: 

Heat  9-00474  C  Hn  PS  Si  Cr  Ho  Zr 

Hill  analysis  .29  .9S  .018  .025  .^7  . 59  ’  .18  .09 

Tlvis  armor  v/as  chosen  because  of  its  wido  use  and  because  it  was  generally 
bcliovod  to  bo  so.mcwha  t  mere  critical  in  its  demands  on  tho  p  or  for  71  nee  of  the 
electrodes. 


In  all  eases,  the  test  plates  v/orc  assembled  with  the  rolling  direction 
of  the  armor  at  ri.Jit  angles  tc.  the  weld  axis  as  indicated  in  Figure  1.  After 
each  pass  across  the  v/old,  the  tci.t  plate  v/as  allowed  to  cool  to  a  maximum  of  200nF. 
before  proceeding. 


*  All  tablos  aro  assembled  in  Appendix  I. 

**  All  drawings  and  photographs  arc  assembled  in  Appondix  II. 
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2b)  Determination  of  Sensitivity  to  Hoot  Cracking 

Work  done  previous  to  this  investigation  disclosed  that  the  20  Cr-10  Ni 
composition  exhibits  a  nuirked  tendency  to  crock  down  the  center  of  the  first  or  root 
pass  under  certain  conditions.  Preliminary  tests  disclosed  that  the  degree  of 
cracking  was  apparently  chiefly  related  to  the  thickness  of  tho  deposit,  i.e, ,  the 
thicker  tho  root  pas3  tho  loss  the  likelihood  of  cracking. 

Hoot  beads  of  various  thicknesses  were  deposited  with  several  different 
types  of  electrodes  and  tho  degree  of  crocking  noted.  In  each  case  there  appeared 
to  be  a  characteristic  critical  root  thickness  above  which  cracking  no  longer 
occurred.  This  observation  suggested  a  possible  mothod  of  rating  each  of  the  com¬ 
positions  included  in  the  investigation  for  sensitivity  to  root  cracking. 

As  each  of  the  throe  segments  across  tho  root  ■aasi  deposited  in  each  test 
plate,  the  thickness  of  the  wold  wps  measured  and  recorded  together  with  tho  appear¬ 
ance  of  tho  bead.  Figures  4,  5  or.d  6  illustrate  the  technique  employed.  Figures  4 
end  5  show  tho  appearance  of  the  face  and  back  of  a  root  pass  deposited  with  throe, 
3/lo"  diameter,  electrodes  of  composition  2.0  Mn-0.0  Mo-E.  Figure  6  shows  the  ap¬ 
pearance  of  cross-scctions  through  the  three  different  locations  indicated  in  Fig¬ 
ures  4  ar.d  It  is  of  interest  to  note  that  in  the  root  passes  slightly  thicker 
than  required  to  prevent  complete  cracking,  the  crack  appears  only  on  the  back  side 
of  the  weld. 

The  d  at  a  secured  in  these  tests  are  r  carded  in  detail  in  Tabic  II.  In 
most  cases,  it  wan  possible  to  cstin~t  rithir.  fairly  narrow  limits,  the  critical 
root  thickness  required  for  c~ch  composition.  In  one  case,  the  root  beads  were  all 
deposited  without  exhibiting  crocking.  Hero,  it  is  assumed,  the  critical  root 
thickness  was  loss  than  that  deposited. 

2c)  Observations  During  Completion  of  Test  Welds.  Interface  Cracking 

After  determining  tho  critical  ro  t  thickness,  all  cracked  root  beads  wore 
chipped  out  and  .now  bcods  of  sufficient  thickness  to  ovoid  center  cracking  were  de¬ 
posited.  With  certain  compositions  no  further  difficulties  "ore*  experienced  and 
welding  proceeded  as  indicated  in  Figure  1.  However,  others  exhibited  a  marked  ten¬ 
dency  to  develop  cracks  at  the  interface  between  the  root  bead  and  tho  armor.  This 
typo  of  crack  was  auite  distinct  in  appearor.ee  •  nd  location  from  tho  center  root 
cracks  described  above.  They  were,  very  narrow  in  width  and  extended  from  as  little 
oa  l/S11  to  the  full  8"  length  of  the  root  pass.  In  many  cases,  they  wore  detectable 
only  by  examining  tho  junction  of  tho  weld  metal  and  armor  with  r  small  hand  magnify¬ 
ing  glass.  They  occurred  almost  ’-ithout  exception  in  the  root  pass.  In  several 
canes  it  was  necessary  to  void  sovcral  plates  bofore  two  were  secured  free  from  this 
defect.  Table  III  summarises  these  experiences  and  indicates  the  frequency  of  inter¬ 
face  cracking  in  various  compositions. 

3.  Examination  of  Welded  Joints 


After  completion  of  welding  (See  Figure  3)  'Uid  removal  from  tho  restrain¬ 
ing  jig,  each  test  plate  ’-as  ground  on  both  sides  on  a  Blanchard  Grinder  to  bring 
the  top  of  tho  w’ld  flush  with  surface  of  the  nr  nor. 
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After  X-ray  examination,  the  plates  were  sectioned  by  cold  sawing  in  the 
manner  illustrated  in  Figure  7.  One  of  each  of  the  duplicate  test  plates,  after 
discarding  the  outer  2",  provided  two  macro  etch  test  specimens,  two  explosion  test 
specimens,  one  specimen  for  microscopic  examination  and  throe  tensile  test  specimens 
from  the  face,  root  and  back  of  the  weld.  The  second  plato  provided  two  macro  etch 
specimens  and  three  explosion  test  samples. 

3a)  X-ray  Examination 

The  plato s  wore  radiographed  at  Johns  Honkins  University  by  Mr,  R.  L.  Henry 
A  200  KV  General  Electric  machine  enploying  a  tungsten  target  was  used.  The  follow¬ 
ing  exppsure  conditions,  after  trial,  wore  applied! 

Voltage  -  170  KV  Focal  distance  -  64  inchos 

Amperage  -  10  m.a.  Film  -  Eastman  Typo  K 

Filter  -  filter  cassette  Pcnotramotcr  -  2$%  visible 

Exposure  time  -  25  to  30  minutes 

3b)  Macro  Etch  Examination 

Macro  etch  specimens  wore  ground  flat  on  a  3^0  grit  belt,  etched  in  cold 
dilute  aqua-regia  for  i  to  3  minutes  and  oxanination  at  1^  X  magnification  for  the 
presence  of  defects.  Figure  S  illustrates  the  appearance  of  three  typical  etched 
specimens. 

3c)  Tensile  Tests 


Rectangular  shaped  tensilo  test  specimens  cut  transversely  across  the  weld, 
representing  the  face,  root  and  back  of  the  weld,  ns  shown  in  Figure  7,  were  ground 
with  a  320  grit  finish  to  final  dimensions  of  9/ 32”  by  1".  Tensile  tests  wore  con¬ 
ducted  on  a  120,000#  hydraulic  machine.  An  attempt  was  mr.de  to  maintain  a  constant 
headspoed  by  employing  fixed  vsilve  openings  in  all  t^sts.  Tho  hendspoed  from  the 
yield  point  to  breaking  load  was  approximately  0.3"  per  minute.  Per  cent  olongation 
was  moasured  across  the  welds  using  three  gauge  lengths.  Standard  two  inch  gauge 
marks  wore  made  in  the  armor  with  the  weld  at  the  center.  In  addition,  punch  marks 
were  made  at  the  interface  between  the  weld  metal  and  armor,  both  at  the  widest  point 
across  the  veld  and  at  tho  narrowest  point  across  the  weld.  Table  IV,  Appendix  I 
contains  the  data  secured  in  these  tests  and  noted  the  location  of  the  fracture  of 
o.'ich  specimen.  Tho  yield  strength  was  determined  from  autographic  stress- strain 
curves  with  the  oxtensometcr  attached  over  a  2"  gauge  including  weld  metal  and  some 
armor.  The  offset  usod  in  calculating  the  valuer,  taken  .ng  ,2%  of  tho  average 
width  of  the  veld  metal. 

It  will  bo  noted  in  Table  IV  that  a  number  of  tho  tensile  tost  samples  cut 
from  the  face  and  back  of  the  plates  were  found  to  have  broken  across  tho  wold  metal 
in  the  shoulder.  These  fractures  wore  brittle  in  appearance  and  resulted  in  general¬ 
ly  lower  per  cent  elongations,  Rockwell  hardness  tests  made  on  the  samples  selected 
for  microscopic  examination  shoved  that  theso  brittle  fracturos  wore  associated  with 
transformation  of  the  weld  metal  in  tho  shoulder  pass  to  a  hard  martensitic  structure 
The  hardness  values  secured  on  the  3houldor  passes  arc  recorded  with  tho  tensile  test 
results  for  comparison. 
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3d)  Motallographlc  Exami nation  and  Microhardnoss  Survey 

Samples  prcparod  fron  the  middle  of  one  wold  of  each  typo  wore  examined. 
Pho  t  o  micro  crop  hs,  Pi  cure  3  9  to  11,  were  prepared  illustrating  tho  nppoaranco  of  tho 
weld  structure  at  a  point  near  the  center  of  each  root  head.  Hicroharc!no3s  tra- 
vorscs  were  ondo  with  an  Ebcrbach  teeter  (28.4  gn.  load)  across  the  fusion  line  of 
samples  from  plates  roprosenting  each  of  the  seven  compositions  studied.  Impross- 
ions  across  the  interface,  spaced  approximately  .0015"  apart,  woro  made  with  a 
Standard  Vickers  pyramid  diamond  ponotratdr.  The  area  tested  in  each  caac  was 
approximately  at  tho  middlo  of  #4  bead  on  tho  back  side  of  the  root  pass.  This 
location  was  chosen  bocauso  as  it  will  be  seer,  later,  it  was  apparently  near  this 
point  that  fractures  originated  in  the  explosion  tost.  Figure  12  is  a  photomicro¬ 
graph  of  this  area  showing  the  hardness  impronsions.  The  hardness  values  indicated 
nro  believed  correct  for  comparison  .among  thomsolvcs,  but  their  rolation  to 
Standard  Vickors  or  Brinoll  values  haa  not  been  established. 

3° )  Ballistic  Properties  by  Explosion  Testing 

Explosion  test  snnplos  woro  ground  flat  on  side,  top  and  bottom  fncoc  in 
the  Blanchard  Grinder  to  tho  following  dimensions s 

Height  -  1-7/16"  t  1/64"  tfidth  -  1-7/S"  +  l/64"  Length  -  8"  t  l/4" 

In  addition  to  tho  wcldod  test  samples,  samples  were  also  proparod  of 
similar  dimonoions  from  the  virgin  armor  plate.  One  3ct  was  scloctod  with  tho  di¬ 
rection  of  rolling  parallel  to  tho  long  axis  of  the  specimen,  i.c.,  longitudinal; 
ono  Bet  with  the  rolling  direction  at  ri  ht  angles  to  the  long  axis,  or  transverse. 

All  tests  were  conducted  under  the  direction  of  Dr,  T7.  0.  Snclling  at  the 
Trojan  Pov/dor  Company,  Allentown,  Pennsylvania.  Dotails  of  the  sot -up  used  arc 
shown  in  Figurd  13. 

The  test  sanplcs  were  rostod  on  steel  blocks  with  the  faco  of  tho  weld  up¬ 
wards.  Charges  of  nitrostarch  in  the  form  of  2"  dianotcr  flat  discs  of  different  „ 
gram  weights  wore  exploded  on  top  of  tho  weld.  Varying  total  amounts  of  explosives 
wore  used  on  each  specimen  to  ostablish  the  amount  required  to  just  corplotcly  break 
the  sample,  Difforont  weights  of  powder  wore  obtained  by  combining  discs  of  20,  25, 
30,  35  and  50  grams,  Tho  force  applied  bj-  tho  explosive  is  not  believed  to  be 
linearly  proportional  to  tho  weight  cspocinlly  with  large  charges.  It  ha3  beer, 
pointod  out  that  a3  the  height  of  pile  of  explosives  increases,  the  downward  force 
exortod  by  tho  powder  at  the  top  of  tho  charge  diminishes  rapidly.  An  approximate 
relationship  botwocn  oxplosivo  char go  and  impact  energy  expressed  in  terns  of  ball- 
pendulum  displacement  ns  tentatively  determined  by  Dr.  Snclling  (NR  C-25  Projoct  - 
Exp 1 os i vo  Tests)  is  attachod  (Figure  l4) . 

The  charges  applied,  tho  angle  of  bend  and  tho  appearance  of  tho  tested 
sarnies  arc  rccordod  in  Table  V.  Fi  urc  15  shows  tho  appearance  of  a  typical  set  of 
spocinons  aftor  testing. 

4.  Examination  of  Explosion  To3tod  Samploa 

Sauploo  which  were  partially  craclcod  oxtcrnally  by  tho  explosive  charge  as 
well  as  those  which  showod  no  external  cracks  were  soctioncd  transvorsoly  through  the 
center  of  tho  weld  and  subjected  to  mctallographic  examination  to  establish  the 
origin  and  mode  of  fracturo  from  tho  ballistic  impact.  Sovoral  were  found  containin' 
only  internal  cracks  varying  from  microscopic  dimensions  up  to  large  fissures  ox¬ 
tending  almost  to  tho  surface  as  noted  in  Table  V.  Figures  l6,  17  and  18  illustrate 
tho  initiation  of  the  cracks  and  the  node  of  profession  in  typical  samples. 
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DISCUSSION 


Preparation  cf  31ectrod.es 

(a)  The  analyses  of  the  induction  molted  heats  and  weld  deposits  fell 
within  reasonably  narrow  ranges.  Si  vail  variations  in  carbon, 
phosphorus,  sulphur,  silicon,  chromium  anu  nickel  contents  present 
throughout  the  series  wero  not  considered  to  ha  to  influenced  the 
comparison  of  the  effort  of  variations  in  manganese  and  molybdenum 
contents.  The  chromium  to  nickel  ratios  of  all  heats  fell  within 
the  range  of  2.01:1.00  to  2.06:1.00. 

Wolding  of  Restrained  Joints 

(a) '  Sensitivity  to  Hoot  Bead  Cracking 

(1)  Tho  effect  of  molybdenum  in  reducing  the  thickness  of  tlic  root 
pass  roquired  to  prevent  center  cracks  is  claarly  shown  in 
comparing  ’.ho  data  for  Series  I  heats  without  molybdenum  with 
Series  II  and  III  heats  containing  1,5#  and  3«0$  of  this  a]  omen 

(2)  Variations  in  manganese  either  without  molybdenum  present  or 
with  1.5/5  or  3.0#  of  this  element  caused  no  marked  trend  in 
the  results;  if  anything,  Series  II  heats  with  a  level  of  2.0# 
L&i  wore  slightly  bettor  than  Series  III  with  a  level  of  4,3#  i,In 

(3)  Increasing  the  molybdenum  from  1,5#  to  3«0#  showed  no  marked 
additional  benefit  nor  was  there  any  difforcnco  apparent  be¬ 
tween  adding  this  element  through  tho  core  wire  or  through  tho 
flux . 

(4)  The  results  secured  orJ  induction  melted  heats  compere  closely 
with  those  obtained  from  the  commercial  oloc trie-are  furnace 
heat . 

(b)  Susceptibility  to  Interface  Cracking 

(1)  Series  I  heats  with  increasing  •lar.garosc  and  no  molybdenum 
were  susceptible  to  tho  development  of  interface  cracks. 

(2)  Composition  1.5  Ivin-0, 0  do  in  this  series  produced  frequent 
interface  cracking  which  was  only  slightly  alleviated  by 
proheating  the  tost  plates  before  welding. 

(3)  ftith  increasing  manganese  content  up  to  4,3#,  but  with  no 
molybdenum,  this  defect  was  still  present  but  in  a  looser 
degree . 

(4)  Wolds  from  compositions  with  2.0  and  4.3#  manganese  and  1.5 
and  3*0$  molybdenum  appeared  rolativ  ly  free  from  this  defect. 

(5)  Difficulties  experienced  with  Series  I  heats  appeared  to 
coincide  with  tho  much  heavier  root  deposits  required  tn 
prevent  center  cracking.  Such  heavy  beads  wore  more  prone 
to  results  in  incomplete  coverage  of  the  root  joints  in 
tho  back  of  the  pass  introducing,  in  some  cases,  a  notch 
effect.  This  notch  condition,  however,  was  wot  wholly 
responsible  for  interface  cracking  since  the  defect  occurred 
in  several  instances  even  with  satisfactory  root  point 
coverage. 
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3.  Examination  cf  Wcldccl  Joints 

(a)  X-ray  Examination 

Examination  of  the  radiographs  indicated  that  all  plates  were  sound, 
free  from  porosity,  large  slag  inclusions  or  cracks  •  It  is  of  interest 
to  note  that  the  small  interface  crack  later  discovered  in  one  end  of 
a  plate  welded  with  the  2,0  Mn-0.0  Mo-E  rod  was  not  disclosed  under  the 
particular  conditions  of  this  test, 

(b)  Macro  Etch  Tests 

In  all  eases  except  one,  tho  macro  etched  samples  disclosed  no  defects 
of  significance.  One  plate  welded  with  rod  2,0  Mn-0.0  Mo-E  possessed 
a  small  interface  crack  in  the  root  pass.  This  crack  v/as  later  found 
to  havo  progressed  about  3/4  of  an  inch  into  tho  tensile  test  spocimcns 
cut  adjacent  to  the  macro  etch  samplo,  hut  is  not  bcliovod  to  have 
extended  beyond  this  point, 

(c)  Transverse  Tensile  ^'csts 

(1)  Tensile  and  yield  strength  vo-lucs  of  root  .samples  arc  generally  higher 
and  elongation  values  lower  than  those  of  samples  from  the  faco  and 
back,  probably  because  of  greater  dilution  oj.  tho  weld  metal  in 

the so  areas, 

(2)  No  consistent  trends  are  disccrnable  between  tensile  and  yield  strength 
values  with  variations  in  manganese  or  molybdenum  content,  different 
methods  of  introducing  the  latter  elonnt  or  between  induction  and 
clcctric-furnaco  heats,  Sonc  indication  is  present  that  the  wolds 
containing  tho  highest  nangonosc  and  nolybdenun  contents  possessed 
sli^itly  hi^ier  values, 

(3)  Comparison  of  elongation  values  with  variations  in  composition  is  largely 
voidod  by  the  erratic  and  generally  Io-7  values  obtained  where  face  and 
back  3ar.plcs  fractured  through  shoulder  passes.  Even  excluding  these 
values  no  clear  trends  seen  to  bo  present, 

(4)  The  presence  of  partial  interface  crack  in  samples  from  composition 
2.0  Mn-0.0  Mo-E  sharply  reduced  the  tensile  and  elongation  valuos. 

(5)  The  tendency  of  sonc  compositions  to  transform  to  nartensito  in  the 
highly  diluted  shoulder  passes  apooars  to  bo  related  to  the  total 
alloy  content  of  the  electrodes.  It  will  be  noted  in  Table  IV  that 
those  compositions  possessing  over  appro xirv\t cl y  4.0$  total  nangarioso 
plus  molybdenum  posse sod  relatively  soft  shoulders  whilo  those  having- 
less  than  this  amount  -were  either  partially  or  completely  hardened, 

(d)  Micro structure  anJ  Microhardncos  Traverses 


(1)  Micro structures  in  tho  root  pass  y/oro  similar  in  all  samples,  consist¬ 
ing  of  an  austenitic  matrix  with  delta  ferrite  containing  c-'rbidos 
dispersed  throughout, 

(2)  The  anrunt  of  tho  delta  ferrite  constituent  varied  over  wide  limits 
throughout  the  weld  and  even  within  the  sane  bond,  *t  was  clear,  how- 
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ever,  that  he  total  amount.  of  this  constituent  was  related  to  the  compo¬ 
sition.  Increasing  molybdenum  content  increased  the  amount  of  this  con¬ 
stituent.  Increasing  manganese  content  decreased  the  amount.  On  a  per¬ 
centage  basis  molybdenum  appeared  to  bo  more  effective  in  increasing 
delta  ferrite  than  manganese  was  in  decreasing  tho  amount  of  this  con¬ 
stituent.  Some  inconsistencies  in  this  rule  which  may  appear  to  bo  pres¬ 
ent  in  tho  photomicrographs  are  largely  traceable  to  tho  difficulty  of 
selecting  a  field  representative  of  tho  average  structure  of  the  wold. 

In  addition,  small  variations  in  chromium-r.ickcl  ratio  and  carbon  content 
.are  known  to  affect  the  per  cent  of  this  ■nhaso  and  thoir  effect  should  bo 
borne  in  mir.d. 

(3)  Micros true turcsot  the  weld  interface  presented  no  consistent  picture,  but 
varied  widely  in  the  some  sample  at  various  locations  in  the  weld.  Tor 
this  reason  the  structures  shown  in  the  photomicrograph  of  this  aroa 
should  not  be  interpreted  as  representative  of  the  entire  intorfaco 
structure  throughout  tho  samples.  Atter.mts  to  correlate  variations  in 
these  structures  "ith  variations  ir.  the  composition  have  so  far  failed. 

(4)  One  consistent  feature  ir  -01  c^sof  "as  the  oros«nco  of  a  narrow  hard 
band  at  the  interface  about  .0013  inches  width  03  shown  by  the  micro- 
hardness  values.  In  this  band  hardnesses  "-or  found  ranging  from  J02 
V.P.lv.  to  the  highest  value  of  flu  V.P.1T.  found  in  the  weld  prepared  from 
compos  it  ion.  1.3  Mr.- 0.0  IIo. 

(e)  Ballistic  Properties  by  Explosion  Tasting 

(1)  Some  variations  were  found  in  the  charges  required  to  break  the  various 
wolds,  but  no  clear  cut  trend  could  bo  found  between  these  values  nor  tho 
angle  at  fracture  with  variations  in  manganese  or  molybdenum  content. 

(2)  No  definite  trend  --or  nrnsont  to  sho-  "he the r  molybdenum  alloyed  through 
tho  core  wire  produced  or.y  different  results  than  "hen  'illoyed  through 
the  flux.  One  set  "'ith  the  commercial!;  melted  rod  gave  slightly  poorer 
rosulto  thu"  its  induction  rxltcd  counterpart;  the  other  set  gave  super¬ 
ior  results. 

(3)  Tests  on  the  virgin,  armor  indicated  superior  ballistic  resistance  to  any 
of  tho  welded  samples.  Tests  token  "ith  the  specimen  axis  transverse  to 
tho  rolling  direction  wore  decidedly  inferior  to  thogo  token  parallel. 

4.  Nature  of  Failure  ir.  Explosion  Tested  Samples 

Tho  progress  of  cracks  in  the  explosion  tested  samples  "ere  traced  as 

follows: 

(1)  Initiation  an  minute  fissures  in  the  -'r:.ior  .lust  at  the  interface  .about 
one-half  wry  between  the  root  and  the  back  face. 

(2)  Extension  in  b  th  directions,  towards  tho  root  and  towards  the  back  face, 
travelling  mostly  in  th  armor,  but  occasionally  in  the  wold  metal. 

(3)  At  a  rioint  bcyor.d  tho  ro  ,t  go  a.  r*>llir  o  t  tho  b  a  so  of  the  shoulder  pass  or. 
the  foco  side,  tho  cr-^ck  tur'ec"'  out  into  the  -eld- metal  and  continued  to 
the  face.  Travelling  i.  th  'ther  Hroctior,  the  crack  also  passed  out 
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into  the  weld  metal  generally  in  the  vicinity  of  the  pass  just  below  the 
shoulder  bead. 

(4)  Where  the  crack  extended  in  the  weld  in  some  instances,  it  travelled  for 
short  distances  along  the  hard  interface  zone  which  was  found  just  on 
the  fusion  line.  In  general,  however,  the  tendency  appeared  for  the 
cracks  to  cross  over,  well  into  the  softer  weld  metal. 

(5)  These  observations  Were  consistent  throughout  the  series  and  the  nature 
of  the  failures  could  not  be  related  to  variations  in  the  composition 
of  the  electrodes. 


FUTURE  WORK 

While  the  preliminary  results  of  this  first  investigation  indicate  the 
desirability  of  molybdenum  additions  to  the  austenitic  20  Cr-10  Ni  type  electrode, 
the  present  critical  shortage  of  this  element  militates  against  its  use  in  any  sub¬ 
stantial  amounts.  The  establishment  of  some  other  method  of  minimizing  sensitivity 
to  root  cracking  therefore  must  oe  seriously  considered. 

One  possibility  appears  to  be  the  use  of  electrodes  with  high  chromium 
to  nickel  ratios.  Preliminary  tests  suggest  that  increasing  the  Cr/foi  ratio  tends 
to  lessen  the  degree  of  center  root  cracking. 

In  addition  it  appears  essential  to  establish  whether  the  type  of  ballis¬ 
tic  failure  encountered  in  this  investigation  is  characteristic  of  armor  weldments 
or  is  traceable  to  the  particular  typo  of  armor  employed. 

The  following  further  work  has  therefore  been  planned: 

(1)  Investigation  of  the  effect  of  variations  in  Cr/Ni  ratio  of 
electrodes  combined  v:ith  variations  in  molybdenum  content. 

Testing  procedures  slnilar  throughout  to  those  described  in 
this  report  will  be  employed  excepting  that  tensile  test 
samples  will  be  selected  in  such  a  way  as  to  avoid  including 
weld  metal  from  the  shoulder  beads  of  the  test  plates.  In 
addition  all-weld-mctal  tensile  tests  will  be  included  to  de¬ 
termine  the  effect  on  the  physical  properties  of  the  weld 
metal  alone . 

(2)  Repetition  of  the  first  investigation  by  selecting  at  least 
two  of  the  electrode  compositions  originally  employed  and 
preparing  test  plates  from  several  other  makes  of  homogeneous 
armor.  Testing  procedures  similar  to  (1)  above  would  be 
employed. 


APPENDIX  I 


Pr.~c  ffurfoor 


Table 

I  - 
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ANALYSIS  OF  CORE  WIRE 


SERIES 

COMPOSITION  HEAT 

MELT  1 NQ 

MATER- 

NO. 

.  IPgNUIY... 

EBASI1« 

j£yju 

£ 

M£{ 

t 

£ 

Si 

£S 

tJi  MO 

1 

1.5  MN-0.0  MO  E  001 

1 NDUCT 1  ON 

CW 

.087 

l.<*5 

.0  28 

.016 

.33 

20.07 

10.01  — 

WM 

.  100 

1.54 

.036 

.009 

.21 

19.67 

10.17  .07 

2.0  MN-0.0  MO  E  *03 

INDUCTION 

CW 

.089 

1  .90 

.035 

.012 

.36 

CM 

CM 

• 

O 

CM 

9.99  - 

• 

WM 

.  102 

2.15 

.034 

.019 

.33 

19.79 

10.10  i©7 

2.0  MN-0.0  M04  33005  ELECTRIC 

CW 

.071 

1.82 

.038 

.015 

.33 

20.48 

9.96  — 

WM 

.077 

1.90 

.042 

.017 

.30 

19.75 

9.97  .07 

4.3  MN-0.0  MO  E  806 

INDUCTION 

CW 

.083 

4.11 

.048 

.01  1 

.37 

20.28 

9.88  — 

WM 

.100 

.  4.47 

.053 

.008 

.34 

19.79 

10.02  .08 

II 

2.0  mn-i.5  mo  e  809 

INDUCTION 

CW 

.092 

1.92 

.034 

.015 

.39 

20.28 

9.92  1.82 

WM 

.038 

.  1.93 

.035 

.025 

.31 

19.68 

10.08  1 .59 

2.0  MN— ( I.5MO)  E  80 4 

INDUCTION 

CW 

.096 

1.90 

.036 

.012 

.39 

20.04 

9.72  — 

'  ■ 

WM 

.  1  43 

Ufl 

.033 

.035 

.34 

19.08 

3.70  1.44 

2.0  MN-(l.5MO)~l  33005 

I  ELECTRIC 

CW 

.071 

1.82 

.033 

.015 

.33 

20.48 

9.96  — 

WM 

.080 

1.  80 

.044 

.020 

.32 

19.29 

5.79  1.65 

2.0  MN-3.0  MO  E  cl  1 

INDUCTION 

CW 

.091 

1.94 

.032 

.012 

.43’ 

20.31 

10.01  3.07 

WM 

.100 

2.09 

.038 

.014 

.25  . 

19.72 

10.10  2.96 

III 

4.3  MN-1.5  MO  E  813 

INDUCTION 

CW 

.083 

4.27 

.044 

.012 

.44 

20.50 

5.94  1.81 

. 

WM 

.096 

4.56 

.051 

.010 

.28  - 

19.79 

10.00  1.57 

4.3  MN-(l.5MO)  E  807 

INDUCTION 

CW 

.084 

4.10 

.047 

.018 

.39 

20.20 

5.88  - 

WM 

.133 

4.37 

.045 

.028 

.35 

19.28 

9.72  1.44 

4.3  mn-3.0  mo  E  815 

INDUCTION 

CW 

.099 

4.35 

.045 

.015 

.42 

20.32 

9.95  3.oo 

WM 

.  100 

4.56 

.049 

.  038 

.25 

19.79 

10.12  2.88 

(1)  ANALYSIS  OF  TEST  COUPON  POURED  DURING  TEEMING  OF  HEAT. 

(2)  ANALYSIS  OF  WELD  PAD  PREPARED  FROM  |/4"  DIAMETER  COATED  ELECTRODES  IN  ACCORDANCE  WITH 
PROCEDURE  GIVEN  IN  BUREAU  OF  SHIPS  SPECIFICATION  48e4  (INT)  APRIL  1,1543. 

(3)  ABBREVIATIONS!  CW  -  CORE  WIRE,  WM  -  WELD  METAL 


CR-NI 

Mm 

2.01 

1.93 

2.02 

1.96 

2.06 

1.90 

2.05 

1.97 

2.04 

1.95 

2.06 

1.97 

2.06 

1.97 

2.03 

1.95 

2.06 

1.93 

2.05 

1.90 

2.04 

1.96 
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TABLE  II 


IES  NO. 

I 


II 


I 


SENSITIVITY  TO  ROOT  CRACKING  AS  SHOWN  BY  CRITICAL  ROOT  THICKNESS 


COMPOSITION 

ROOT 

APPEARANCE 

IDENTITY 

HEAT  NO. 

THICKNESS 

OF  DEAD 

INCHES 

(1) 

1.5  MN-0.0  MO 

E  301 

.230 

N 

•  250 

N 

.250 

P 

:25  0 

C 

.220 

C 

.0  MN-0.0  MO 

E  303 

.230 

N 

Ll 

.250 


2.0  MN-9.0  MO-E  33005 


4.0  MN-9.0  MO  E  ?05 

2.0  MN-1.5  MO  E  309 

2.0  KN-( 1.5  MO)  E  30  4 
2.0  MN-(  1.5  MO )- E  33005 
2.0  MN-3.0  MO  E’Sl I 

4.3  MN-1.5  MO  E  S13 

4.3  MN-(  1.5  MO)  E  S07 
4.3  MN-3.0  MO  E  £15 


:ii 


.310 

:Uo 

.25  -> 
.250 
•  2>0 
.220 

.230 

.250 

.250 

.25? 

.150 

.250 

.230 

:w 

.230 

.220 

.250 

.230 

.250 

.230 

.190 

.250 

.220 

.200 

.190 

.250 

.220 

,200 

.230 

.220 

.220 

.190 


P 

P 

P 

N 

N 

N 

N 

P 

P 

P 

C 

N 

N 

P 

C 

C 

N 

N 

P 

C 

N 

P 

N 

N 

N 

N 

P 

N 

P 

P 

C 

N 

N 

P 

N 

N 

P 

P 


ESTIMATED  CRITICAL 
ROOT  THICKNESS 

INCHES 

.250  -  .230 

.250  -  .230 

.250  -  .250 

.250  -  .230 

. 190  -  .230 

.220  -  .230 
UNDER  .230 

.190  -  .230 

.220  -  .250 

.200  -  .220 

.220  -  .230 


abbreviations;  n 

p 

c 


NOT  CRACKED 
PARTIALLY  CRACKED 
COMPLETELY  CRACKED 


APPENDIX  I  -  J 
Tadle  1 1 1 

£SE.W.EN.C.r.  .Q£.lNTfiRF.AC.p.  CRAq^G 


SERIES  COMPOSITION  HEAT 

NO.  IDENTITY  NO. 

I  1.5  MW-0.0  MO  E  SOI 

2. 0  MN-0. 0  MO 
2.0  MN-0.0  MO-E 
4.5  MN-0. 0  MO 


TOTAL  NO. 
PLATES  WELDED 


NUM3ER 

DEFECTIVE 


I** 

5 


REMARKS 

VERY  NUMDEROUS  INTERFACE  CRACK8 
NUMEROUS  INTERFACE  CRACKS 
FEW  INTERFACE  CRACKS 
ONE  INTERFACE  CRACK 
NUMEROUS  INTERFACE  CRACKS 


II  2.0  MN-J.5  MO  k 
2.0  MN-CI.5  MO) 

2.0  MN-fl.5  MOVE 
2.0  MN-5.0  MO  E 


ES09 
E  u04 

Ilf?5 


0  NO  INTERFACE  CRACKS 
0  NO  INTERFACE  CRACKS 
0  NO  INTERFACE  CRACKS 
0  NO  INTERFACE  CRACKS 


III  4.3  MN—1 .5  MO,  C  Cl  3 
4.5  mn(i.5  mo)  E 007 

4.3  MN— 3. 0  MO  E0I5 


O  '  NO  'INTERFACE  CRACKS  • 

0  NO  INTERFACE  CRACKS 

I  ONE  SMALL  INTERFACE  CRACK 


0  .0 

•  THREE  PLATES  PREHEATED  TO  550.  $00  AND  65 0  F. ,  RESPECTIVELY.  PLATE  PREHEATED  TO  550  F. 
DID  NOT  DEVELOP  INTERFACE  CRACKS. 


••  ONE  SMALL  INTERFACE  CRACK  DISCOVERED  IN  ONE  PLATE  IN  TENSILE  TEST  SAMPLE  MACHINED  FROM 
ROOT.  SEE  TAOLE  IV. 


SER I ES 
NO. 


COMPOSITION 

IDENTITY 


SPECI-  ULI.TENS. 


_lp _ 


YLD. 

STR.PSI 


2.0  MN-0.0  MO 


2.0  MN-0.0  MO-E  33005 


4.3  MN-0.0  MO 


2.0  MW-I.5  .’-10 


2.0  mw-(i-5  mo)  E  304 


2.0  MN-(l.5MO)-E  33005 


2.0  MN-3.0  MO 


4.3  mn-i.5  mo 


4.3  mn-(  1 . 5mo) 


4.3  MM-3.0  MO 


F  -  SPECIMEN  FROM  FACE 
R  -  SPECIMEN  FROM  ROOT 
3  -  SPECIMEN  FROM  SACK 


SMoo 

54,500 

84,200 


5f,6co 

106,600 

83,500 


•m 


91.300 

93.SOO 

55.600 

52. 600 
io4tooo 
101 ,200 

sa, 100 

106,800 

102.300 


DETERMINED  3Y  OFFSET  METHOD  FOR  .  Zfa  GAUGE 
OF  EQUAL  TO  AVERAGE  WIDTH  OF  WELD  METAL. 


TABLE  I V 
TENSILE  TEST  DATA 


ELONGATION  - 

"2"  1  wi'bEsf — 


S3,«00 
53,500  , 


ROCK. HARD. 
RANGE  OF 
SHOULDER  BEADS 


938-41 C 


978-33C 


920-9 4b 


898-35C 


92B-27C 


24B-38C 


94b-96b 


910-963 


910-960 


520-560 


FRACTURE  PASSED  THROUGH! _ 

SHOULDER 
WELD 
WELD  (6) 

SHOULDER 

WELD 

SHOULDER 

INTERFACE  CRACK  IN  UNTESTED  SAMPLE 
INTERFACE  CRACK  IN  UNTESTED  SAMPLE 
INTERFACE  CRACK  IN  UNTESTED  SAMPLE 

WELD 

WELD 

INTERFACE 
WELD  (6) 

INTERFACE  AND  WELD 
SHOULDER 

SHOULDER 

INTERFACE 

SHOULDER 

SHOULDER 

-SFfa 

WELD 

(BROKE  IN  ARMOR  ) 

SHOULDER 

INTERFACE 

WELD 

WELD 

WELD 

WELD 

INTERFACE 

WELD 

INTERFACE  AND  WELD 
WELD 


INCLUDED  WELD  METAL  AM)  SOME  PLATE  METAL  ON  EITHER  SIDE  OF  JOINT. 
ACROSS  WIDEST  PORTION  OF  WELD  METAL. 

ACROSS  NARROWEST  PORTION  OF  WELD  METAL.' 

SHOULDER  METAL  REMOVED  IN  GRINDING  PLATES  TO  SIZE. 


APPENDIX 


APPENDIX  I 


5 


SERIES 

,N°.u.. 


i 


lAgLO- 

EXPLOSION  TEST  DATA 


COMPOSITION 

IDENTITY 


'•'EAT 

NO. 


Sample 

NO. 


1.5  MN-0.0  MO  E  SOI 
2.0  MN— 0.0  MO  E  803 

2.0  MN-0.0  MO-E  33005 

4.3  MN-0.0  MO  E  80S 


EXPLO¬ 

SIVE 

CHARGE 

GRAMS 


ll 


85 

25C 


65 

2?0 


BEND  IN 

TESTED 

SPECIMEN 


estimated 

BREAKING 

CHARGE 


7« 


60 


73 


S3 


REMARKS 


UNBROKEN-LARGE  INTERNAL  CRACK 
BROKE 

UNBROKEN-INTERNAL  CRACKS 
BROKE 

UNBROKEN-EXTERNAL  CRACK- 

BROKE 

BROKE 

UNBROKEN-EXTERNAL  CRACK 
UNBROKEN-SMALL  INTERNAL  CRACK 
BROKE 
BROKE 

UN3R0KEN-EXT.  A  I  NT.  CRACKS 

UNBROKEN-SMALL  lNTi  CRACK 

BROKE 

BROKE 

OROKE 


.0  MN-1.5  MO  E  803 


J5 

JJ2 

JJ3 


fi 

80 

65 

125 


UNBROKEN- INTERNAL  CTaCKS 

3R0::e 

60  UNBROKEN  -EXT.  &  I  NT.  CRACK? 

UNBROKEN-  EXT.  &  I  NT.  CRACKS 
BROKE 


.0  MN-( I . 5MO )  E  604 


11* 

EE2 

e55 


9.0 


UNBROKEN-SMALL  I NT.  CRACKS 
78  UNBROKEN-NO  CRACKS 

BROKE 
BROKE 
BROKE 


.0  MN-( I . 5  MO)-E  33005 


s4 

S5 

so 

so 

ss3 


ll 


UNBROKEN-  EXT.  &  I  NT.  CRACKS 
UNBROKEN-  EXT.  &  I NT.  CRACKS 
93  UNBROKEN-  LARGE  EXT.  CRACK 

UNBROKEN-  EXT.  &  I NT.  CRACKS 
BROKE 


.0  MN-3.0  MO  E  8l 


ih 

lV 

LL3 


UNBROKEN-LARGE  INTERNAL  CRACK 
UNBROKEN-  NO  CRACKS 
75  UN3R0KEN-SMALL  INTERNAL  CRACKS 

BROKE 
BROKE 


APPENDIX  I.  -  6 


TADf.E  V  r(C0NT.  ) 
EXPLOSION  TEST  DATA 


EXPLO¬ 

BEND  IN 

ESTIMATED 

SERIES  COMPOSITION 

HEAT 

SAMPLE 

SIVE 

TESTED 

BREAKING 

NO. 

NCV 

CHARGE 

SPEC  IMEN 

CHARGE 

E  613 

N4 

GRAMS 

1  ANGLE 

III  4.3  MN-1,5  MO 

75 

5.5 

GO 

so 

o.b 

SO 

nn3 

s§  ■ 

2*5 

NN2 

90 

7.5 

4.3  MN-(l.5MO)  E  S 07 


H4 

i& 

hh4 

HHJ 


50 

1 l 

no 

S5 


u 

B.O 

5.5 


S3 


4.3  MN-3.3  MO  E  GI5 


W 

PP4 

PP2 


6.0 


73 


ARMOR  TRANSVERSE  *-04474  AT3 


(LONG  AXIS  AT4 
RIGHT  ANGLES  AT§ 
TO  ROLLINQ  AT2 
DIRECTION)  ATI 


150 

200 

250 

300 


1 4.0 
20.0 

22.0  225 


ARMOR  LONGITUDINAL  9*04474  A I 
(long  AXIS  A2 

parallel  to  a? 

ROLLING  A 4 

DIRECTION)  A5 


ifi.O 


OVER  700 


remarks 


UNBROKEN-  NO  CRACKS 

UN3R0KEN-  INTERNAL  CRACKS 

CROKE 

DROKE 

CROKE 


UNBROKEN  -  NO  C  RACKS 
UNBROKEN  -  SMALL  I NT.  CRACKS 
UN3R0KEN-EXT.&  INT  CRACKS 
UNBROKEN-SMALL  EXTERNAL  CRACK 
CROKE 


UNBROKEN  -  NO  CRACKS 

UNBROKEN  -SMALL  INT.  CRACK 

UROKE 

DROKE 

DROKE 


UNBROKENr-SMAL L  EXT.  CRACK 

UNCROKEN-LARGE  EXT.  CRACK 

BROKE 

BROKE 

CROKE 


UNBROKEN-SMALL  EXT.  CRACK 
UNBROKEN-LA i»GE  EXT.  CRACK 
UNCROKEN-LARGE  EXT.  CRACK 
UNCROKEN-SEVERFLY  CRACKED 
UNBROKEN— SEVERELY  CRACKED 
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Drawings,  Photographs  and  Photomicrographs , 

Fid-arcs  1  to  18,  inclusive. 

i 
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to  12 
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endix  II  -  2 


Preparation  of  Test  Plate 


Fig.  2  Test  Plate  Clamped  in  Jig,  Ready  for  Welding 


Fig.  3  Appearcnce  of  Welded  Test  Plate 
After  Removing  from  Jig 


Rustless  Iron  and  steel  Corporation 


Appendix  II 


Determination  of  Sensitivity  to  Root  Crackin, 


cmc  ns  rtmuxt 


OCTZOK  "A* 


hicnrsss 


THICKNESS 


HOT  CRACKED 


CRACKED  PARTIALLY 


Tig.  6  Macro  Etched  Sections  at  Points  Indicated  in  Figs.  4  and  5 


Figs.  4,  5  and  6  Appearance  of  Root  Pass  with  Beads  of  Three  Thicknesses 

Composition  2.0  Mn-0.0  Mo-E 


rustless  Iron  and  Steel  Corporation 


endix  11-4 


Sectioning  Test  Plato  and  Macro  Etch  Test  in. 


Macro  Eton  Specimens  (Inner  face] 


Explosion  Test  Sjpeo inane 


Micro  flbeelaen 


Tensile  Test  Sbeoiasni 


Discard 


Fig.  7  Manner  of  Sectioning  Test  Plate  for  Test. .Specimens 


Fig.  8  Typical  Macro  Etched  Saqples  from  Series  I,  II  and  III 


Rustless  Iron  and  Steel  Corporation 


Composition 


Appendix  II  -  5 

Micro structure  in  Root  Pass,  Series  I 


_ _ —  •  :_A  •  .1' 

Composition  1.5  Mn-0.0  Mo 


.0  Mn-0.0  Mo 


)  * / 1 1 / ;  ‘  i- 

vv" 

/  .  ^  ;  >  't  ••  j  . 

V*.  J>r 

1  *'k"  -  1 

r  /  •  • 


Composition  2.0  Mn-0.0  Mo-E 


Conposition  4.3  Mh-0.0  Mo 


Fig.  9 


Microstructure  of  Weld  Metal  in  Root  Pass 


X200 


> 
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Composition  2.0  Mn-(l,5  Mo) 


i-(i.5  mo;-e 
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Fig.  10 


Composition  2.0  Mn-37o  Mo* 

Micro structure  of  Weld  Metal  in  Hoot  Pass 


X200 


I 


Rustless  Iron  and  Steel  Corporation 


Micro structure  in  Root  Pass,  Series  III 


Conposition  4.3  Mn-1.5  Mo 


Composition  4.3  Mn-(l.*  Mo) 


Composition  4.3  Mn-3.0  Mo 


Fig.  11  Micro  structure  of  Weld  Metal  in  Root  Pass  X200 
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Appendix  IT  -  g 
Micro structure  at  Fusion  Lino 


Fig.  12 


Microstructure  at  fusion  zone 

Microhardness  inpressions  with  Ebcrbach 
Tester 

Composition  1.5  Mn-0.0  Mo  yroo 


Weld  Metal 

Fusion  Zone 
.0015'' 

Armor 


Prim*  Cord- 
Detonator 


P rlmm.  Cord- 
Initiator 
wound  on 
wooden 
block 


Ultra  starch  - 
Powder  Charge 
(2s  die.  round) 


rfJS 


'ysmi 


/  B^losion  Vest 
X  %>®clwen 
v  (fwe  side  19) 


1  hvportlaff 
,  Blocks 
O-jA*  94.  x  aj») 


***•  13  Explosion  Tost  Sat-r 
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Development  of  Cr^ir 


Conposition  2.0  ISn  -  1  *5  ifo 


Initiation  of  crack  m  armor  X  500 

Micro hardness  tests  with  Eberbach  Tester 


otptosm 

CHABOE 


ImC 

■  '.fju 

F  p 

TiTLE:  Development  of  Armor  Welding  Electrodes:  Relation  of  The  Composition  of 

Austenitic  (20  Cr-10  Nl)  Electroded  to  the  Physical  and  Ballistic  Properties  of* 
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ABSTRACT:  A  study  was  made  of  the  effect  of  variations  in  the  composition  of  austenite  20  Cr-10  Nl  type 
electrodes  on  the  properties  of  restrained  armor  weldments.  Restrained  double  bevel  armor  Joints 
were  welded  with  20-10  electrodes  having  variation  in  manganese  content  of  1.5,  2.0,  and  4.3%  combined 
with  molybdenum  content  variations  of  0,  1.5,  and  3%.  Testing  included  determination  of  sensitivity  to 
center  root  bead  cracking,  interface  cracking,  as  well  as  X-ray,  macro  etch  and  metallographic 
examinations.  Physical  and  ballistic  properties  were  determined  by  tensile  tests  and  a  special  explosion 
test.  High  manganese  contents  combined  with  the  use  of  some  molybdenum  are  believed  to  represent  the 
best  electrode  combination.  Ballistic  properties  could  not  be  related  to  composition,  and  no  difference  was 
observed  for  molybdenum  added  through  the  electrode  coating  or  through  the  core  wire. 
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